Introduction
As we all know, chirality is an intrinsic universal feature of various levels of matter. Molecular chirality plays a vital role in many areas.
1 In particular, chiral coordination polymers (CCPs) have aroused considerable interest recently as potential candidates for enantiomorphic recognition and separation, asymmetric catalysis, chiral drug delivery, nonlinear optics (NLO), luminescence, and so on. Currently, adopting homochiral organic ligands as building blocks by the self-assembly process is a reliable and common approach in CCP construction, as the chirality of the ligand could be effectively introduced and retained in the CCPs. Accordingly, many efforts have been devoted to the design and synthesis of enantiopure ligands. The carboxylic ligands, especially multicarboxylic ligands have been widely adopted as the organic linkers to construct coordination polymers, as carboxylate donor ligands with various coordination modes could satisfy various geometric requirements of metal centers for the generations of fascinating structures with high dimensions, good thermal stabilities, and versatile topologies. As one of ongoing research in our laboratory, several different chiral carboxylate based ligands have been synthesized and investigated.
5 Inspired by the aforementioned considerations, we synthesized a pair of chiral tridentate carboxylic acid ligands: (R)-and (S)-5-(1-carboxyethoxymethyl)-isophthalic acid (H 3 L) (Scheme 1). Choosing a pair of enantiomorphic H 3 L ligands as the organic spacers is mainly based on the following consideration: (a) as a multicarboxylic ligand with one exible carboxylic group and two rigid carboxylic groups, the multiple bridging modes of carboxylic moieties increased the possibility of the generation of fascinating structures with high dimensions. (b) A pair of enantiomerically pure ligands ((R)-H 3 L and (S)-H 3 L) could efficiently ensure the production of a pair of enantiomorphic CCPs, the comparative investigation of whose structures and functional properties might be interesting and meaningful.
Based on the above two enantiomers and zinc as the metal center, a pair of CCPs, namely, [Zn 4 
were synthesized under hydrothermal conditions. Their crystal structures, thermal stabilities, circular dichroism (CD) spectra, nonlinear optical (NLO) and uorescent sensing properties were studied. a Perkin Elmer Spectrum 100 FT-IR spectrometer equipped with a DGTS detector (32 scans) using KBr disks in the range 4000-500 cm
À1
. Elemental analysis for C, H were performed on a Perkin-Elmer 240 elemental analyzer. Thermal analyses were performed on a SDT 2960 thermal analyzer from room temperature to 800 C at a heating rate of 20 C min À1 under nitrogen ow. Powder X-ray diffraction (PXRD) data were collected on a Bruker-D8 Advance X-ray diffractometer with Cu Ka radiation (l ¼ 1.5406Å) and 2q ranging from 5 to 50 . Circular dichroism (CD) spectra of solid samples were recorded at room temperature with a MOS-450 spectrometer (KBr pellets). The second-harmonic generation (SHG) intensity was approximately estimated by measuring microcrystalline samples relative to urea. Solid UVvisible spectra were obtained in the 200-800 nm range on a JASCO UVIDEC-660 spectrophotometer. A pulsed Q-switched Nd:YAG laser at a wavelength of 1064 nm was used to generate a SHG signal from powder samples. The backscattered SHG light was collected by a spherical concave mirror and passed through a lter that transmits only 532 nm radiation. 6 The luminescent spectrum was taken an Edinburgh FLS 920 uorescence spectrophotometer at room temperature.
Synthesis of the ligand 5-(1-carboxyethoxymethyl)-isophthalic acid (R-H 3 L and S-H 3 L). 5-Bromomethyl-isophthalic acid dimethyl ester (1, 1.43 g, 5 mmol), 7 (S)-methyl lactate or (R)-methyl lactate (0.83 g, 8 mmol) and Ag 2 O (1.16 g, 5 mmol) were dissolved in 30 mL CH 2 Cl 2 . The mixture was stirred under N 2 atmosphere for 48 h. Then the resulting residue was puried with the method of column chromatography (silica gel eluted by the mixed solvent of 25% ethyl acetate and petroleum ether). The ester (2, 0.93 g, 3 mmol) and NaOH (0.54 g, 13.5 mmol) were dissolved in a mixed solvent of distilled water (10 mL) and methanol (2 mL), being stirred at 55 C for 12 h. Concentrated hydrochloric acid was added to the solution until the pH value of the solution attained to 1-2, white solid was then produced as the product (R-H 3 L and S-H 3 L). X-ray crystallography. Single-crystal X-ray diffraction data for complexes 1-R and 1-S were collected. The intensity data of crystals were obtained on a Rigaku R-AXIS RAPID imaging plate diffractometer with graphite-monochromated Mo Ka (l ¼ 0.71073Å) at 291 K. Empirical absorption corrections based one equivalent reections were applied. The structures were solved by direct methods and rened by full-matrix least-squares methods on F 2 using SHELXS-97 crystallographic soware package. 8 All isolated O atoms have been considered as water atoms. The crystal parameters, data collection, and renement results for 1-R and 1-S are summarized in Table 1 . Crystallography data have been deposited to the Cambridge Crystallography Data Centre with deposition numbers CCDC no. 1565357 and 1565358 for 1-R and 1-S.
Results and discussion

Structural description
CCPs 1-R and 1-S crystallized in a same chiral space group P1 with a Flack parameter of 0.09(4) and single-crystal XRD analyses revealed that the two compounds are isostructural, thus only the structure of 1-R is described in detail. In an asymmetric unit, there are four crystallographically unique Zn(II) atoms, two deprotonated R-H 3 L 3À ligands, two coordinated water molecules, two m 3 -bridging hydroxyl anions and three guest water molecules. The chiral carbon in CCP 1-R retains the same R conguration as that in the starting material of (R)-H 3 L. The Zn1 ion is 6-coordinated in a distorted octahedron dened by three oxygen atoms from three carboxylate groups from three R-H 3 L 3À ligands, one oxygen atom from ether group of R-H 3 L 3À ligand and two m 3 -bridging hydroxyl anions. The Zn2 ion is also in a 6-coordinated distorted octahedron by four oxygen atoms from four carboxylate groups of R-H 3 L 3À ligands, one m 3 -bridging hydroxyl anion and one guest water molecule. The coordination forms of Zn3 and Zn4 ion are same as those of Zn1 and Zn2, respectively ( Fig. 1(a) ). The Zn-O bond lengths range from 1.975(6) to 2.337(7)Å and the O-Zn-O bond angles range from 70.8(3) to 179.4(3), which are all in the normal ranges (Table S1 †) .
There is an innite chiral chain in 1-R and 1-S, which is constructed by Zn ions linking carboxylate groups of (R)-H 3 L or 
(S)-H 3 L ligands and m 3 -bridging hydroxyl anions. In one [Zncarboxylate groups] helical tube, there are R direction [Zn2-O9-Zn3-O6-C12-O7-Zn4-O4] fragment, with the Zn-Zn distance between each fragment of 3.5337Å and the pitch of the helix of 8.12Å. Another S direction [Zn2-O13-C20-O14-Zn1-O1-Zn4-O11] fragment shares the same pitch of the helix as R direction fragment, with the chiral carbons of (R)-H 3 L ligands keeping the original direction. Interestingly, the Zn ions are closely connected by m 3 -bridging hydroxyl anions, which are indispensable during the construction of chiral chains. The experimental results also conrmed this inference, as it was found that the CCPs could not be generated without the presence of NaOH. Furthermore, the chiral chains connected with each other by the (R)-H 3 L ligands and expanded indenitely, resulting in a 2D network structure( Fig. 1(b)) . In order to further analyze and understand this 2D structure of 1-R, topological analysis is carried out. If the (R)-H 3 L 3À ligands are considered as 3-connected node and Zn ions are considered as 6-connected notes, the 2D structure of CCP 1-R can be regarded as a 3,6-c net and kgd topological type with a point symbol of ( 4 3 ) 2 (4 6 $6 6 $8 3 )
( Fig. 1(c) ).
PXRD patterns and thermal stability analysis
For further conrming the phase purity of the crystalline, the experimental and simulated PXRD patterns of 1-R and 1-S are compared (Fig. S1 †) . The experimental PXRD patterns corroborate the simulated patterns generated from single-crystal diffraction data, indicating the purity of the crustal samples. The differences in intensity may be due to the preferred orientation of the powder samples. When studying the stability of the CCPs, the existence of bulk water in 1-R and 1-S is also observed by TGA under air atmosphere (Fig. S2 †) . The weight loss process for 1-R can be divided into two steps. The rst weight loss of 9.30% occurring at 50-270 C corresponds to the total loss of the ve water molecules (calcd 9.93%). Then the weight loss of 57.96% occurring at 270-690 C could be ascribed to the total loss of the two ligand molecules (calcd 59.16). The remaining weight of 32.74% corresponds to the formation of ZnO. The weight loss process for 1-S is similar to that of 1-R (Fig. S3 †) .
The solid-state circular dichroism (CD) spectra analysis
In order to further demonstrate the homochirality of CCPs 1-R and 1-S, solid-state circular dichroism (CD) analysis has been conducted. As shown in Fig. 2 , the CD spectrum for the bulk sample of 1-R exhibits a positive Cotton effect with peak at 332 nm, while the bulk sample of 1-S exhibits negative Cotton effect at the same wavelength. The result conrms that the CCPs 1-R and 1-S are homochiral enatiomers.
Second-harmonic generation (SHG) properties
Nonlinear optical (NLO) active materials have been widely studied and applied in laser frequency conversion and electrooptical devices at present. As one of the most common NLO behaviors, second-harmonic generation (SHG) have been of increasing interest to synthetic chemists. 9 SHG active materials has found the most common use in the laser industry.
Coordination polymers have been regarded as an attractive category of SHG active materials, as the structures of which could be ne tuned on molecular level. The rational design and synthesis of CCPs in a systematic way might give rise to potential SHG active materials. Supramolecular aggregates and chirality could signicantly enhance the nonlinear optical properties.
10 And d 10 metal, such as Zn and Cd are most adopted for the construction of coordination polymers with SHG activities. 11 Due to the fact that the pair of CCPs 1-R and 1-S are crystallized in the non-centrosymmetric chiral space groups and constructed from metal Zn, their SHG activities are investigated. Their SHG properties have been carried out by the Kurtz-Perry method using a powder technique.
12 Preliminary experimental results show that 1-R and 1-S are all 0.3 times as much as that of urea. CCPs 1-R and 1-S exhibit lower SHG response than that of urea, which might be resulted from the lacking of a donor-acceptor system in nal structures.
Fluorescent selective recognition
It was ever reported that the uorescence of some coordination polymers could be quenched by nitroaromatic compounds under certain conditions, suggesting their potential applications for recognizing nitroaromatic explosives.
13 In our investigation, trinitrotoluene (TNT) are used to investigate the luminescent quenching effect of CCPs 1-R and 1-S. The pair of enatiomers 1-R and 1-S show very similar results.
The sample of CCP 1-R was dispersed in DMF solution so that the TNT molecules could adhere to the particle surface of CCP, facilitating possible host-guest interactions. As shown in Fig. 3 , with the concentration of TNT gradually increased, the luminescence intensity of CCP 1-R decreased signicantly. According to the previous reports, such luminescence quenching might be related to the donor-acceptor electron-transfer mechanism. The electrons transfers from an excited CCP 1-R to the electron decient TNT, resulting in the occurrence of uorescence quenching of CCP 1-R. 14 According to some reports, not only nitro aromatic compounds but also metal cations could have an quenching effect toward some coordination polymers.
15 In order to further study the uorescent selective recognition of CCPs, different metal cations are screened to investigate their effect on the uorescence of CCPs 1-R and 1-S. As a result, CCPs 1-R and 1-S also show very similar selectivity toward the metal cations.
CCP 1-S was added in DMF and stirred for 24 h, so that 1-S was sufficiently dispersed in DMF solution. As shown in Fig. 5 , as we increase the amount of Fe   3+ , the luminescence intensity of CCP 1-S decreased obviously. In previous reports, the mechanisms for luminescence quenching effect of Fe 3+ ion were proposed as the collapse of the framework, cationic exchange, and the physical interactions between Fe 3+ ion and carboxylic acid. 16 To further probe the possible luminescence quenching mechanism of Fe 3+ ion, we removed the Fe 3+ ion from the suspension of CCP 1-S by ltrating and washing it with water and ethanol for several times. The resulted sample was used for powder XRD and luminescence analysis. The results show that the framework of CCP 1-S was retained the same as the original and the luminescence also returned to normal. We inferred that the luminescence quenching mechanism of Fe 3+ ion toward CCP 1-S might be ascribed to the physical interactions between Fe 3+ ion and carboxylic group of CCP 1-S. This also indicates that CCP 1-S could be recycled in metal recognition.
Conclusion
In summary, we synthesized a pair of novel Zn(II) enantiomeric CCPs based on a pair of chiral multicarboxylate ligand, (R)-or (S)-5-(1-carboxyethoxymethyl)-isophthalic acid. The two enantiomeric CCPs 1-R and 1-S are isostructural and also exhibit very similar functional properties. The SHG optical results show that CCPs 1-R and 1-S have medium SHG activities which could be used as potential optical materials. Furthermore, the luminescence of CCP 1 could be effectively quenched by trinitrotoluene and Fe 3+ , indicating their potential application as sensory materials. At the same time, it was also found that the luminescence of CCP 1 could return to normal aer the Fe 3+ ion being completely removed from CCP 1, which indicating that CCP 1 could be recycled and used in metal recognition.
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